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The residue value on dipole analysis (the ratio of non-
dipolar component to the measured body surface poten-
tials) was estimated mathematically in 16 patients with
left bundle branch block. Patients were classified into
those with (group A, nine patients) and those without
(group B, seven patients) a perfusion defect on thallium-
201 myocardial scintigraphy. For the entire QRS com-
plex the residue of group B was smaller than that of
normal subjects (20.0 ± 4.1 % versus 24.6 ± 3,5%, p
< 0.05). Group A showed a greater mean residue value
than group B (27.4 ± 4.4 % versus 20.3 ± 2.4 %, p <
0.01) only during the initial one-third of the QRS com-
plex. All but one patient of group A and only one patient
in group B showed a high peak on the residue curve
during the initial stage of the QRS complex. The max-
imal residue value of group A during the initial QRS
The presence of myocardial infarction or left ventricular
hypertrophy is frequently masked by preexisting or asso-
ciated left bundle branch block (I .2). Although a number
of electrocardiographic (ECG) and vectorcardiographic cri-
teria have been described for the diagnosis of myocardial
infarction in the presence of left bundle branch block (3-7).
their clinical reliability has been que stioned in most in-
stances .
Body surface mapping has been considered as a method
for obtain ing maximal information on cardiac electromotive
forces from the body surface and it is a better diagnostic
tool than the conventional ECG or vectorcardiogram in sev-
eral cardiac diseases (8.9). Further. the solution of the in-
verse problem of electrocardiology has been attempted as
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complex was significantly greater than that of group B
(40.9 ± 10.9% versus 23.4 ± 5.4%, P < 0.01). An
arbitrarily selected criterion of the maximal residue value
2':30% during the initial QRS complex showed a sensi-
tivity of 89% with a specificity of 86% for the diagnosis
of myocardial infarction in the presence of left bundle
branch block.
These results might be related to the complex ven-
tricular activation around the infarcted area even in the
presence of left bundle branch block in which intra-
myocardial conduction with a simple activation front
predominates. Dipole analysis appeared to be a valuable
method of diagnosing myocardial infarction in the pres-
ence of left bundle branch block.
(J Am Coli Cardiol 1987;10:1015-21)
the next step . Among the model s for cardiac electromotive
forces the single moving dipole inverse solution has been
most extensively studied (10-14) .
The single dipole approximation seems to be appropriate
for most of the QRS complex in uncomplicated left bundle
branch block because ventricular act ivation has been con -
sidered to depend mainly on intram yocardial conduction
( 15- 17) and a single activation front might be present
throughout almost the entire QRS complex. Myocardial in-
farction has been reported to cause complicated alterations
in the activation wave front (18 .19 ). Even in the presence
of left bundle branch block, irregularities of ventricular ac-
tivation due to additional myocardial infarction may further
affect the dipolarity of the body surface potentials and this
dipolarit y is useful for clinical diagno sis .
To investigate this possibilit y. we estimated the dipolarity
of the body surface potential s in 16 patients with left bundle
branch block and examined the hypothesis that patients with
myocardial infarction would show higher nondipolarity of
the QRS complex on the body surface . In addition. the
diagnostic performance of the dipole analysis was compared
with that of the conventional ECG and vectorcardiogram.
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Methods the nondipolarity of the surface potentials, the term residue
was introduced:
The location and the moment of the equivalent dipole
were selected so as to minimize the function S at each of
the time instants. When the proximity function S has the
larger value, the more nondipolar component was consid-
ered to be included in the body surface potentials. To express
Patient selection. Nineteen consecutive patients with
complete left bundle branch block were studied. All of them
satisfied the following ECG criteria: 1) QRS duration 0.12
s or longer; 2) slurred broad R wave in leads I, aVL, Vs
and V6 with a delayed intrinsicoid deflection; and 3) QS or
rS complex in lead VI with a normal intrinsicoid deflection.
The standard ECG, Frank lead vectorcardiogram, body sur-
face maps and thallium-201 myocardial scintigram were
recorded in each patient within a period of <2 weeks.
Myocardial imaging was performed with 2 mCi of thal-
lium-201 chloride in the six standard positions. All scinti-
grams were analyzed by two independent readers who were
unaware of other patient data. Three patients with equivocal
scintigraphic findings were excluded from study. The re-
maining 16 patients were the subjects of this study and
classified into two groups on the basis of presence or absence
of a perfusion defect on thallium-201 myocardial scintig-
raphy: group A (nine patients) with and group B (seven
patients) without a perfusion defect.
Dipole analysis. Body surface potentials were measured
from 64 points arranged in a matrix form of eight columns
and eight rows on the anterior chest wall as previously
described (14). The electrodes were mounted 4 em apart in
rubber strips with the highest electrode at the level of the
clavicle. Columns 2 and 8 were positioned in the right and
left anterior axillary line, respectively, with column 1 in the
right midaxillary line and column 5 over the sternum. Two
strips were evenly spaced between the sternum and the an-
terior axillary line (columns 3 and 4 on the right and columns
6 and 7 on the left anterior chest, respectively). Potentials
were recorded simultaneously with Wilson's central ter-
minal as the reference, and the instantaneous isopotential
maps were constructed at intervals of 2 ms.
The position and the moment of an equivalent dipole and
nondipolarity were calculated at intervals of 2 ms using the
method of Okamoto et al. (20). In brief, an infinite boundary
plane is assumed to represent the body surface and the
potential on the boundary plane was calculated correspond-
ing to an electrical dipole in a uniform volume conductor.
Thus, calculated potential at point i on the body surface is
designated as cP cal, i, and the measured potential at point
i as cP meas, i, and the proximity function (S) is defined as
follows:
(2)
(3)VL¢ meas, i
2
RMS = _-:....-_-
n
Results
Clinical and laboratory findings (Table 1). Nine of
the 16 patients had a perfusion defect on the scintigram
(group A) and 3 of these had a typical history of myocardial
infarction. Although there was no clear history of definite
myocardial infarction in the remaining six patients, the pres-
ence of myocardial infarction was suggested by echocardi-
ography in five of them and gated blood pool scanning in
three in addition to the perfusion defect on the thallium-201
Diagnosis of myocardial infarction in the presence of
left bundle branch block. A certain level of the residue
was utilized for separating patient groups A and B and the
diagnostic performance of this method based on the dipole
analysis was compared with the ECG and vectorcardio-
graphic criteria. The following ECG criteria for myocardial
infarction (6) were examined: 1) Q wave in leads I, aVL,
V5 and V62) decreasing amplitude of the R wave from leads
VI to V4 ; 3) an RS pattern in leads Vs and Vb and 4) a large
R wave in precordial lead V I >0.03 second. The following
vectorcardiographic criteria (6) were also tested: 1) clock-
wise rotation around the E point in the horizontal plane; 2)
initial anterior forces of less than 0.0 I second; 3) displace-
ment of the afferent limb to the right of the Z axis; 4)
displacement of the afferent limb as it crosses the X axis,
to the right of the E point; 5) enlargement of the initial
anterior force so that the 0.0275 second vector is anterior
to the E point; and 6) mean frontal plane axis superior to
-30°.
Statistical analysis. Sensitivity was calculated as the
number of true positive results divided by the number of
patients with a perfusion defect. Specificity was calculated
as the number of true negative results divided by the number
of patients without a perfusion defect. The predictive value
was defined as true positive results (true positive results +
false positive results). All data were expressed as mean ±
1 SD. The unpaired t test was used to compare the difference
between each group. A probability (p) value of 0.05 was
considered significant.
R 'd JL(¢ meas, i - ¢ cal, i)2eSI ue =
L¢ meas, i2
The value of the residue is the averaged ratio of the non-
dipolar component to the measured potentials over the thorax.
The root mean square (RMS) value of the measured po-
tentials was also obtained to represent the magnitude of the
instantaneous potential:
(I)L (¢ meas, i - ¢ cal, if
i=/
S
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Table 1. Clinical Data in 16 Patients With Left Bundle
Branch Block
myocardial scintigram. In group B, five of the seven patients
had no evidence of organic heart disease by history, chest
X-ray film or physical examination. Results of cardiac cath-
eterization in two patients and echocardiography in four of
the five patients appeared normal. The remaining two pa-
tients in group B had nonischemic heart disease (valvular
heart disease in one and dilatedcardiomyopathy in the other).
There was no significant difference betweenthe two groups
in the frequency of left axis deviation. The QRS duration
No. of patients
Male/female
Age (yr)
QRS axis
Left axis deviation
Normal axis
QRS duration (ms)
Perfusion defect on
thaliium-20 I myocardial
scintigram
Anteroseptal
Anterior
Inferior
Lateral
Group A
9
7/2
70.7 ± 9.3
6
3
151.1 ± 136
7
I
2
I
Group B
7
413
08.6 ± 10.7
4
3
139.3 ± 4.5
of group A was significantly longer than that of group B (p
< 0.05). In group A, the area of thallium perfusion defect
was observed in the anteroseptal wall in five, anteroseptal
combined with inferior wall in two, anterior wall in one and
lateral wall of the left ventricle in one patient.
Illustrative cases (Fig. I and 2). Figure I shows the
residue and RMS curves during the QRS complex, body
surface maps and thallium-20 I myocardial scintigram in one
patient of group A. The residue curve shows a high peak
of 45% at 24 ms from the onset of the QRS complex,
corresponding to a small notch on the RMS curve. The body
surface map at that instant is characterized by the prominent
protrusion of a negative stippled area to the lower anterior
chest. That is, the potential distribution at that instant is
regarded as considerably nondipolar. A large anteroseptal
perfusion defect is noted on thallium imaging in this patient.
An example of the residue curve in a group B patient (Fig.
2) shows less fluctuation and smaller values throughout the
QRS complex. The pattern of potential distribution on the
body surface is less complex and dipolar. There is no per-
fusion defect on thallium scintigraphy.
Residue value (Fig. 3 to 5). The mean residue value
during the entire QRS complex and T wave in the 16 patients
with left bundle branch block and 27 normal subjects pre-
viously reported on (14) are shown in Figure 3. During the
QRS complex, it was 22.7 ± 5.5% in group A and 20.0
± 4.1 % in group B. The latter value was significantly (p
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Figure I. Residue and root mean square curves,
body surface maps and thallium-20 I myocardial
scintigram in a patient from group A (myocardial
infarction). The residue and root mean square val-
ues areplotted at 2 rns intervals throughout theQRS
complex. On the body surface maps, illustrated in
the middle panel, the white area represents the
positive, the stippled area the negative and the
black area the zero potential zone, respectively.
The isopotential lines are drawn in increments of
O. 3125 mY. The upper end of each map corre-
sponds to the level of the clavicles, the left end to
the left anterior axillary line and the right end to
the right midaxillary line. The arrows in the thal-
lium scans indicate the perfusion defect in the an-
teroseptal area of the left ventricle. A-P = antero-
posterior; LAO = left anterior oblique.
48msec
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Figure 2. Residue and root mean square curves,
body surface maps and thallium-20l myocardial
scintigram in one patient from group B (no myo-
cardial infarction). Format and abbreviations as in
Figure I.
< 0.05) smaller than that of normal subjects (24.6 ± 3.5%).
On the other hand, there was no significant difference be-
tween each group in the mean residue value during the T
Figure 3. Mean residue values during the entire QRS complex
and T wave in group A (closed circles), group B (open circles)
and normal subjects (closed triangles). During the entire QRS
complex, group A (n = 9) tended to have a greater residue value
than group B (n = 7), but the difference was not statistically
significant (22.7 ± 5.5 versus 20.0 ± 4.1 %, p = NS). Group
B showed a significantly smaller mean residue value than that of
normal subjects (n = 27) (20.0 ± 4.1 versus 24.6 ± 3.5%, P
< 0.05). During the T wave, there was no significant difference
among groups (18.8 ± 5.6% in group A, 19.6 ± 1.5% in group
Band 18.9 ± 3.1 % in normal subjects, respectively). Values
shown are mean ± SO.
Residue
(%)
30
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-QRS- -1-
wave (18.8 ± 5.6% in group A, 19.6 ± 1.5% in group B
and 18.9 ± 3.1% in normal subjects, respectively).
When the QRS complex of the patients with left bundle
branch block was divided into three stages according to the
method of Van Dam (15), the mean residue value of group
A was significantly greater than that of group B (27.4 ±
4.4 versus 20.3 ± 2.4%, P < 0.01) only during the initial
stage of the QRS complex (Fig. 4). There was no significant
difference in the mean residue value between groups A and
B during the later two-thirds of the QRS complex (18.9 ±
Figure 4. Mean residue value during three stages of the QRS
complex in 16 patients with left bundle branch block. Closed
circles, Group A (n = 9); open circles, group B (n = 7). There
was a significant difference between groups A and B only during
the initial stage of the QRS complex (27.4 ± 4.4 versus 20.3 ±
2.4%. p < 0.01). Format as in Figure 3.
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Figure 5. Maximal residue value during the initial stage of the
QRS complex in groups A (closed circles) and B (open circles).
This value was significantly greater in groups A than in group B
(40.9 ::t 10.9 versus 23 .4 ::t 5.4%, P < 0.01). Further, eight of
the nine patients in group A and only one of the seven patients in
group B showed a maximal residue value 2':30%.
6.0 versus 19.0 ± 3.4% during the middle stage, 21.2 ±
8.2 versus 20.4 ± 7.1% during the late stage).
All but one patient of group A demonstrated a distinct
peak, similar to that in Figure I. at 22.3 ± 2.2 ms from
the onset of the QRS complex on the residue curve. In
contrast, only one patient in group B showed a high peak
on the residue curve. Hence, the maximal residue value
during the initial stage of the QRS complex provided clear
differentiation between groups A and B; it was 40.9 ±
10.9% in group A and 23.4 ± 5.4% in group B (p < 0.0 I )
(Fig. 5).
Diagnostic performance of ECG, vectorcardiogram
and dipole analysis (Ta ble 2). Table 2 compares the ECG.
vectorcardiogram and the present method of dipole analysis
for the diagnosis of myocardial infarction in the presence
of left bundle branch block. The criterion of the dipole
analysis was arbitrarily chosen as the maximal residue value
::::: 30% during the initial stage of the QRS complex. Among
the 16 patients with left bundle branch block, the ECG
criteria wereconsidered as positive for myocardial infarction
in eight patients and negative in eight patients. The sensi-
tivity of the ECG was 44%. the specificity 43% and the
predictive value 50%. The vectorcardiographic criteria were
considered as positive in 13 patients, negative in only 2
patients and unclassified in I patient; there were five false
positive results. The sensitivity of the vectorcardiogram was
89%, but the specificity was as low as 17% with a predictive
value of 62%. Eight of the nine patients in group A and
only one of the seven patients in group 8 met our diagnostic
criteria for myocardial infarction. Thus, the dipole analysis
of the maximal residue value ::::: 30% during the initial stage
of the QRS complex showed a sensitivity of 89%, specificity
of 86% and predictive value of 89%.
Discussion
Patient selection. The patients examined in this study
were classified into two groups on the basis of the presence
or absence of a perfusion defect on thallium-20 I myocardial
scintigraphy. Invasive studies including coronary arteriog-
raphy and left ventriculography were not performed in most
patients, mainly because of their age. However, the sepa-
ration of the two groups was additionally supported by clin-
ical history and other laboratory findings. Although there
might have been false positive results in group A owing to
myocardial hypoperfusion in several clinical settings such
as dilated cardomyopathy (21.22). myocardial infarction
and dilated cardiomyopathy could usually be differentiated
by the clinical findings and thallium scintigraphy (22,23).
On the other hand, the sensitivity for detection of a thallium
perfusion defect has been known to decrease with time after
the onset of myocardial infarction (22,24). However, no
patient in group B was clinically considered to have had
myocardial infarction.
Advantages and limitations of the method. The equiv-
alent dipole is one of several mathematical models for es-
timating the cardiac electromotive forces from body surface
Table 2. Comparison of Electrocardiogram. Vectorcardiogram and Dipole Analysis for the
Diagnosis of Myocardial Infarction in the Presence of Left Bundle Branch Block
Electrocardiogram Vectorcardiogram Dipole Analysis
Thallium-20 I Thallium-20 I Thallium-20 l
ECG P N VCG I' N Residue P N
P (8) TP FP P (13) TP FP P :-;.30% (9) TP FP
4 4 X 5 8 I
N (8) FN TN N (2) FN TN N <30'Ji (7) FN TN
5 3 I I I 6
16 9 7 15 <) 6 16 9 7
Sensitivity (%) 44 X9 X9
Specificity (%) 43 17 X6
Predictive value (%) 50 62 X9
ECG = electrocardiogram: FN = false negative; FP = false positive; N = negative; P = positive: TN
= true negative: TP = true positive; VCG = vectorcardiogram.
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potential distribution (10-14). The main advantages of the
moving dipole method are to provide I) localization and
quantification of the strength of the electromotive forces and
2) detection and quantification of the nondipolar component
included in the body surface potentials.
There have been several studies (10-14) on the solution
of the dipole position in order to locate the site of electrical
activity within the heart, despite several methodologic lim-
itations such as instability of the inverse solution (25), in-
homogeneity of the human body (10-14) and variations of
individual body build (11-14). However, there have been
few studies on the clinical value of detection and quantifi-
cation of the nondipolar component in the body surface
potentials. An equivalent dipole of this study was so de-
termined that it would best approximate observed body sur-
face potentials by the least square method (20). The present
method has an additional simplification-that is, use of the
plane boundary model for the human torso without sampling
on the back. Even with this simplification, the method was
successfully applied for the detection of the nondipolar com-
ponent in the normal QRS complex (14) as well as for the
diagnosis of myocardial infarction in the presence of left
bundle branch block. This ability may be partly explained
by the fact that the lead system limited to the precordium
is sufficient to estimate the total body surface potential dis-
tribution (26) and the nondipolar potentials are recorded
mainly on the anterior chest wall (27).
Nondipolarity of the QRS complex. The results of this
study indicate that the ventricular depolarization process is
more dipolar in patients with left bundle branch block with-
out myocardial infarction than in normal subjects. This find-
ing could be explained by the difference in the nature of
the ventricular activation. Taccardi (27) previously de-
scribed nondipolar behavior during some phases of the nor-
mal QRS complex on the basis of multiple maximums or
minimums recorded simultaneously on body surface poten-
tial maps.
In our previous study of 27 normal subjects (14) using
the same dipole analysis, the nondipolar component (resi-
due) curve often showed two high peaks during the normal
QRS complex. The first one amounted to 27.6 ± 5. I% and
appeared at 24.4 ± 6.7 ms after the onset of the QRS
complex in II cases and the second one with a mean value
of 37.6 ± 9.7% at 46.4 ± 8.1 ms in 25 of 27 cases.
Although a fairly large part of the body surface potentials
could be represented by a single dipole, residual information
exists mainly during these phases of the normal QRS com-
plex, in accordance with multiple ventricular activation fronts
in these periods (28) and complex body surface mapping
pattern (27). On the other hand, recent canine experiments
(15) in chronic left bundle branch block and epicardial and
endocardial mapping studies (16,17) in human subjects with
left bundle branch block suggest that activation of the sep-
tum and left ventricle depends mainly on intramyocardial
conduction with the exception of the late phase of the QRS
complex with possible participation of the specialized con-
duction system. Thus, the ventricular depolarization process
might be simpler and associated with more dipolar potential
distribution on the body surface in uncomplicated left bundle
branch block.
A more important finding of our study is that the patients
with a perfusion defect on thallium-20l myocardial scintig-
raphy showed a higher mean residue value during the initial
phase of the QRS complex than did those without a perfusion
defect. Complex and irregular patterns of ventricular acti-
vation have been described around the infarcted area (18,19).
Hence, higher nondipolarity in group A patients seems to
be caused by multiple and irregular activation fronts due to
myocardial infarction, compared with the simple activation
sequence of uncomplicated left bundle branch block. Longer
QRS duration in group A is consistent with a previous study
(17) and might be related to damage of the distal specialized
conduction system in myocardial infarction. It has been
reported (29) that body surface potentials in patients with
left bundle branch block complicated by anterior infarction
are highly nondipolar during the initial QRS complex. This
finding is consistent with our observation that the residue
value in group A was greater during the initial stage of the
QRS complex. The fact that the maximal residue appeared
at approximately 22 ms after the onset of the QRS complex
might be related to the location of the infarct because all
but one patient of group A showed a perfusion defect on
the anteroseptal or anterior wall of the left ventricle where
activation occurs during the initial stage of the QRS complex
(15).
Diagnosis of myocardial infarction in the presence of
left bundle branch block. Several ECG and vectorcardio-
graphic criteria have been proposed (3-7) for the diagnosis
of myocardial infarction in the presence of left bundle branch
block. Recently, Wackers (7) confirmed the limited value
of the ECG by reanalyzing the various proposed ECG cri-
teria. The diagnostic performance of the ECG criteria tested
in the present study was similar to that previously reported
(3,4). Although Pietras et aI. (6) emphasized the superior
diagnostic accuracy of the vectorcardiogram over that of the
ECG, there were many false positive cases in their own
report, and the specificity of the vectorcardiogram was only
52% with a sensitivity of 89%. The lack of specificity of
the vectorcardiographic criteria was also confirmed in our
present study, in accordance with other vectorcardiographic
studies (4,5). The diagnosis of myocardial infarction in the
presence of left bundle branch block appeared to be made
more accurately with the use of dipole analysis than with
the conventional ECG or vectorcardiogram.
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